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Abstract 
Two different T-shared resonators are used for the proposed bandpass filter with wide rejection band. Each resonator is 
considered with dissimilar impedance and electrical length because of the harmonics resonant response generating with 
difference positions. All theoretical and experimental results are verifying this concept at the fundamental frequency 2.45 GHz. 
The insertion loss is 2.74 dB and the return loss is 21.95 dB respectively. The levels of stopband are lower than 25 dB up to 20 
GHz. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of iEECON2016. 
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1. Introduction 
A novel compact microwave bandpass filter with high selectivity, wide stopband and small insertion loss is a 
good performance demanding in front end of wireless local area network [1]. There are a lot of resonator structures 
for proposing bandpass filter. A T-shaped resonator is one of favorite structures to be used. A dual-band bandpass 
filter using folded T-shaped half-wavelength resonator is proposed in [2].With capacitive load coupling for feeding 
and multiple transmission zeros are generated, although not good for the second band bandwidth is produced.The 
authors in [3] presented the technique to obtain extremely sharp skirt by using T-shaped resonators combine with 
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high and low-impedance lossless line lowpass and U-shaped suppressing cells.On the other hand, defected ground 
structure (DGS) is applied to etch a microstrip line ground has a main advantage for providing high capacitive 
coupling [5]. 
In this paper, the bandpass filter with difference asymmetrical T-shaped resonators and hook feed-lines are 
proposed as the fundamental concept which issimilar to [6] but improved the internal coupling by folded T-shaped 
resonator. With the asymmetrical structures, the wide rejection band is observed. To validate the results, a proposed 
bandpass filter is designed and fabricated. 
 
2. Design 
T-shaped structure resonator is selected to design the presented bandpass filter with wide harmonics suppression 
because it is a modified of step-impedance resonator (SIR) so that it is flexible to adjust the harmonics response 
shifting. As present in [6], the resonant equation is analyzed from the impedance and electrical length structures are 
shown in Fig 1(a), which is composed of equation (1) and equation (2).  
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The different T-shaped resonators are intended and also produced in different frequency response as shown in 
Fig.1(b). It is noticed that the both resonators generated the same fundamental frequency of 2.45 GHz, which are 
calculated from equation (2), but they produced in different of harmonics frequencies so that they could eliminate the 
unwanted signals by themselves as shown in Fig.1(b).  
 
 
 
 
 
 
(a)                   (b) 
Fig. 1. (a) Basic structure of T-shaped resonator (b) The frequency responses of two T-shaped resonators 
 
 
 
 
 
 
 
 
 
(a)       (b) 
Fig. 2. The calculated electrical length of T3 versus T4 (a) the first resonator (b) the second resonator 
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Fig.2(a) shows the relationship between T3 and T4 of the first resonator when fixed the value of the impedance Z1 = 
Z2= 85 Ω, Z3 = 100 Ω and Z4 = 25 Ω and then changing T1 equal T2 of 20°, 35°and 50°, respectively. In same 
method, the second resonator is designed with the relationship response as shown in Fig.2(b). It is plotted with the 
impedance Z1 = Z2 = 70 Ω, Z3 = 60Ω and Z4 = 25Ω and changed the electrical length T1 equal T2 at 100°, 120°, 140°, 
respectively.  
To fabricate the proposed bandpass filter, the PCB of ARON 25N with the relative dielectric constant of 3.38, the 
loss tangent of 0.002, and the thickness of 0.8 mm is used for WLAN system design at 2.45 GHz. Input and Output 
port are the hook feed line structure with the standard impedance 50 Ω. 
Finally, the T-shaped resonators have been achieved for high performance, resulting of the first resonator as: Z1= 
84.52Ω, Z2 = 84.52Ω, Z3 = 97.59Ω, and Z4 = 27.65Ω, corresponding to their electrical lengths of T1 = 34.94°, T2 = 
34.94°, T3 = 49.02° and T4 =30.60°, respectively which is relating in Fig.2(a). Similarly referring to Fig.2(b), the 
impedances of  second resonator  are Z1= 71.10Ω, Z2 = 71.10Ω, Z3 = 61.70Ω, and Z4 = 25.81Ω and their electrical 
lengths of T1 = 122.12°, T2 = 122.12°, T3 = 11.33° and T4 = 37.21°, respectively.  
The set of dimension parameters as shown in Fig. 3(a) which is simulated of electromagnetic software is given as 
following: W1 = 4.7 mm, W2 = 1.3 mm, W3 = 1 mm, W4 = 0.78 mm, W5 = 1.2 mm, L1 = 6.3 mm, L2 = 9.18 mm, L3 
= 1.69 mm, L4 = 2.39 mm, L5 = 2.3 mm, L6 = 8.07 mm, L7 = 3.1 mm, L8 = 7.17 mm, L9 = 8 mm, L10 = 6.93 mm, L11 
= 5.15 mm, L12 = 3.5 mm, L13 = 4.7 mm, G1 = 0.2 mm, G2 = 0.2 mm, G3 = 0.45 mm.  
To confirm the simulated results, the E5071C ENA network analyzer is used to for measuring the insertion loss 
(S21) and the return loss (S11) of the fabricated filter. Fig. 4 displays the comparisons between the measured and 
simulated performances of the fabricated bandpass filter. At the center frequency 2.45 GHz, The insertion loss is 
2.74 dB and the return loss is 21.95 dB. Among them, the Relative Stop-band Bandwidth (RSB) is calculated by:  
 
stopband bandwidthRSB
stopband center
          (3) 
 
The rejection band of the proposed filter is referred to 20 dB suppression, so that the corresponding RSB is defined 
as 2 which is higher than the previous works. The highest rejection is not only involving asymmetrical T-shaped 
resonators which are generated in different frequency response, but also suppressed from the hook feed-lines which 
are published in [6]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The proposed bandpass filter (inset) and its circuit configuration 
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Fig. 4.The Insertion loss and the return loss of the proposed bandpass filter 
 
3. Conclusion 
In this paper, the T-shaped resonator bandpass filter can be suppressed for wide stopband attenuation more than 
25 dB until 8f0. The proposed filter dimension is 29.13 × 21.90 mm2. The simulation and measurement are 
compatible as well and better than the previous work. The advantage of asymmetrical resonators and hook feedline 
structure are the simple method to eliminate the unwanted signal and easy to fabricate, compact and low cost for 
applied to communication system 
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